Laboratory and Data Methodology
The accredited third-party laboratories contracted to perform water analysis testing include the University of Wisconsin-Stevens Point Water and Environmental Analysis Laboratory (UWSP-WEAL) and the Minnesota Valley Testing Laboratories, Inc. (MVTL). UWSP-WEAL analyzed Total Phosphorus (TP) and Dissolved Phosphorus (DP) according to EPA Method 365.4 (USEPA, 1974) and Standard Methods 4500 P-F (APHA, 1999; APHA, 2005; APHA, 2012) respectively. MVTL analyzed both TP and DP according to EPA Method 365.1 (USEPA, 1993) . A complete list of nutrient analytes monitored by the UW Discovery Farms, U.S. Geological Survey, and Discovery Farms Minnesota and the laboratory methods can be found in Stuntebeck et al. (2011) and Rassmussen and Matteson (2011) .
Runoff collection was attempted for every runoff event as part of year-round monitoring. If runoff was collected it was analyzed for TP and DP. If UWSP-WEAL or MVTL reported analyte concentrations as below the limit of detection (LOD), the LOD was divided by two and the resultant number was used in place of zero. This ½ LOD value was also used to calculate nutrient loading. While the overwhelming majority of runoff events were measured, if an event could not be collected (e.g. equipment failure) runoff volume and nutrient loading were estimated by using data from nearby sites of similar size for runoff events of similar magnitude. The data set is published (Stuntebeck, 2019) .
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Statistical Methodology
The 26 sites and 125 site years of data represent the dataset post-outlier analysis. Outlier sites and site years were identified using a simple linear regression of nutrient variables compared to runoff (mm) or precipitation for normality with the "plot" function in R statistical software. Sites and site years contributing to non-linearity, non-normal distribution, unequal variance, and/or high Cook's distance were reviewed for data errors, extraordinary climatology occurrences (i.e. flooding or drought), or other governing environmental factors (i.e. perched water table) to determine the integrity of the data prior to data omission. Only site-years that had technical issues were removed. Univariate analyses for the input and dependent continuous variables of the resulting 125 site years of data were conducted with the "summary" function, while skewness and kurtosis were determined with the package "moments" (Komsta and Novomestky, 2015) .
The 1-SE rule was applied within this study to locate the lowest number of splits by taking the sum of the smallest 10-fold cross-validation error "xerror" and its corresponding standard error "xstd"; the sum was then used to determine the cross-validation error and corresponding CP value via linear interpolation. The selected CP value was then used to prune the most parsimonious tree.
Regional Climate
The 30-year average annual total precipitation and snowfall amounts for the upper Midwest region of the USA studied here range from 721 to 919 mm and 874 to 1,297 mm respectively (NOAA-NCEI, 2018 . July is the warmest month with mean temperature of 21 ℃ and January is the coldest month with a mean temperature of -10.6 ℃. The soil freeze and thaw dates for all the sites were within two weeks of 1 Dec and 1 April, respectively.
Distribution of categorical independent variables
Supplemental Table S1 . Definition and distribution of categorical independent variables across site years (n). Hydrologic year is defined as 1 Oct. through 30 Sept. STP-5 = soil test P (Bray 1) at 0-5 cm; STP-15 = soil test P (Bray 1) at 0-15 cm; pH-15 = soil pH at 0-15 cm † Tillage was used as a surrogate to supplement missing data ‡ Manure application was used as a surrogate to supplement missing data § Region was used as a surrogate to supplement missing data Supplemental --------mg kg-1 ----------------mg kg-1 -------- 
